Conversion Factors

Abstract
In 2003 a team of scientists from West Virginia Division of Natural Resources and the U. S. Geological Survey found a high incidence of an intersex condition, oocytes in the testes, among smallmouth bass (Micropterus dolomieu) in the South Branch Potomac River and the Cacapon River of West Virginia, indicating the possible presence of endocrine-disrupting compounds (EDCs). Possible sources of EDCs include municipal and domestic wastewater, and agricultural and industrial activities. Several sampling strategies were used to identify emerging contaminants, including potential EDCs, and their possible sources in these river basins and at an out-of-basin reference site. Passive water-sampling devices, which accumulate in-stream organic chemical compounds, were deployed for 40-41 days at 8 sampling sites. Sampler extracts were analyzed for a broad range of polar and nonpolar organic compounds including pesticides, flame retardants, pharmaceuticals, and personal-care products. Analysis of passive-sampler extracts found 4 compounds; hexachloro-benzene; pentachloroanisole; 2,2',4,4',5-penta-bromo-diphenyl ether (BDE 47); and 2,2',4,4',6-penta-bromo-diphenyl ether (BDE 99) to be present at every sampled site, including the reference site, and several sites had detectable quantities of other compounds. No detectable quantity of any antibiotics was found in any passive-sampler extract. Effluent samples were analyzed for 39 antibiotics as tracers of human and agricultural waste. Additionally, poultryprocessing plant effluent was sampled for roxarsone, an organoarsenic compound used as a poultry-feed additive, and other arsenic species as tracers of poultry waste. Antibiotics were detected in municipal wastewater, aquaculture, and poultryprocessing effluent, with the highest number of antibiotics and the greatest concentrations found in municipal effluent. Arsenate was the only arsenic species detected in the poultry-processing plant effluent, at a concentration of 1.0 µg/L. Water samples were collected from 7 stream sites and analyzed for arsenic species, including roxarsone. Arsenate was detected in samples from 6 of the 7 stream samples, in concentrations ranging from 0.3 to 0.5 µg/L. Additionally, the analysis of smallmouth bass blood plasma for potential EDCs indicated the presence of several compounds including some found in the passive sampler extracts, specifically BDE 47 and BDE 99. Data from this reconnaissance will help to focus efforts for further studies of the occurrence of emerging contaminants, EDCs, and intersex in smallmouth bass in these Potomac River tributaries.
Introduction
In 2003 West Virginia Division of Natural Resources (WVDNR) officials and United States Geological Survey (USGS) Leetown Science Center scientists examining fish kills and widespread incidences of fish lesions in the South Branch Potomac River ( fig. 1 ), discovered many reproductive anomalies among smallmouth bass (Micropterus dolomieu) (Vicki Blazer, USGS, written communication, 2004) . These anomalies were both widespread and pervasive within communities and included oocytes, cells that are precursors to eggs, in the testes of male fish. Abnormal development of reproductive tissues may result from disruptions of the endocrine system brought about by exposure to anthropogenic sources of hormones and synthetic compounds that mimic hormones including ethynyl estradiol, nonyl phenol, polybrominated diphenyl ethers. Earlier studies by USGS researchers had found feminization of male common carp (Cyprinus carpio) in the Shenandoah River near Millville, WV, another tributary of the Potomac River (Goodbred and others, 1997) .
Several classes of synthetic organic compounds to abnormal development or disturbances of the endocrine system in fish and other aquatic vertebrates (Jobling and others, 2002; Sheahan and others, 2002; Orlando and others, 2004; Nash and others, 2004; Scheurs and others, 2004; Melo and Ransdell, 2001; Kavanagh and others, 2004; Toft and others, 2003; Bevan and others, 2003) . These compounds, known as endocrine-disrupting compounds (EDCs), mimic natural hormones and interfere with an organism's internal signaling and regulatory systems. Excess quantities of natural hormones, derived from people or livestock, can also enter the environment and potentially effect aquatic organisms (Nichols and others, 1997; Dyer and others, 2001; Carballa and others, 2004; Hutchison and others, 2005; Raman and others, 2004; Hanselman and others, 2003) . EDCs and natural hormones can enter the environment through agricultural, industrial, municipal, and domestic wastes others, 2002, Kolodziej and others, 2004) .
Histopathologic examinations of smallmouth bass testes collected from the South Branch Potomac, Potomac, and Cacapon Rivers in 2004 ( fig. 1) fig. 1 ). This study collected and analyzed water and smallmouth bass blood-plasma samples, and used innovative passive sampling devices (Alvarez and others, 2004) to identify emerging contaminants, including EDCs, which may be present in these watersheds.
Purpose and Scope
The purpose of this report is to present results of the analyses of passive-sampler extracts, stream-water samples, wastewater effluent samples, and smallmouth bass bloodplasma samples from sites in the South Branch Potomac River, the Cacapon River, and Williams River Basins of West Virginia ( fig. 1 ) in 2004. These samples were collected to detect emerging contaminants, including possible EDCs that may result in increased intersex in native male smallmouth bass.
Passive samplers, both semipermeable membrane devices (SPMDs) and polar organic compound integrative samplers (POCIS) (Alvarez and others, 2004; Petty and others, 2004) , were deployed at six sites in the Potomac River Basin, one site in the Cacapon River Basin, and one reference site in the Williams River Basin. Extracts derived from the passive samplers were analyzed for several classes of emerging contaminants including antibiotics and personal-care products. Stream-water samples were analyzed for both organic and inorganic species of arsenic. All samples collected from wastewater effluents were analyzed for antibiotics, and one also was analyzed for arsenic species. Blood-plasma samples collected from smallmouth bass were analyzed for several classes of emerging contaminants including personal-care products.
Description of Study Area
The study area includes the South Branch Potomac River and Cacapon River Basins located in the Eastern Panhandle of West Virginia, and the Williams River Basin in central West Virginia (fig. 1) (Paybins and others, 2000) and was selected as an out-of-basin reference site for this study. There are no incorporated communities located in the Williams River drainage. The mean population density is less than 8 people per mi 2 and the estimated population is less than 1,000 (U.S. Census Bureau, 2002) . The Williams River site was selected as a reference due to its size, the presence of native smallmouth bass, and lack of potential sources of contaminants. No site in the South Branch Potomac River Basin offered this combination of characteristics.
Potential Sources of Contaminants
Many potential sources of contaminants discharge to the South Branch of the Potomac and Cacapon Rivers. Chief among these are runoff from agricultural activities, municipal and domestic wastewater effluent (both treated and untreated), industrial wastewater, and gypsy moth control programs using dimilin (diflubenzuron).
Agricultural Runoff
Livestock rearing is the principal agricultural activity in the South Branch Potomac and Cacapon River Basins. Chicken and turkey rearing are the principal livestock activities followed by low-intensity beef cattle rearing, with approximately 82,000 cattle raised in the area, and a lesser amount of sheep rearing, with approximately 11,000 sheep in the area. Crop production is limited; corn is the primary grain, with some wheat production; there are approximately 57,000 acres and 3,700 acres of land in row crop production, respectively, in the South Branch Potomac and Cacapon River Basins.
The Two primary concerns associated with runoff from poultry-litter applications are 17β-estradiol and arsenic. The estradiol is a naturally occurring reproductive hormone that is shed in poultry feces and persists through composting (Nichols and others, 1997; Hanselman and others, 2003) . Arsenic is introduced to the poultry as roxarsone, an organoarsenic compound originally used as anti-parasitic agent and now used to improve the color and texture of chicken and turkey meat (U. S. Food and Drug Administration, 2000) .
Roxarsone does not accumulate in the poultry meat but is shed in the feces, the birds are taken off of roxarsone-amended feed five days before slaughter to reduce body burdens. Roxarsone and other arsenic species resulting from biotransformation of roxarsone are present in the composted poultry-house litter that is subsequently applied to pastures and crop fields. Studies of arsenic in a small agricultural basin indicate that much of this arsenic strongly sorbs to soils, but a fraction of the arsenic is washed into streams by storm events following the springtime application of poultry-house litter (Brown and others, 2005; Schreiber and others 2004) .
Antibiotics are another suite of compounds associated with poultry production, used for both disease treatment and growth promotion. Macrolides (virginiamycin, lincomycin) and tetracyclines are the most extensively used antibiotic classes in poultry rearing. The primary release of poultry-rearing antibiotics to the environment is through the spreading of poultry-house litter on croplands and pastures (Chapman and Johnson, 2002; Campagnolo and others, 2002) .
Point-Source Pollution
Wastewater effluent and other environmental releases from municipal, industrial and residential sources represent potentially significant inputs of contaminants in the South Branch Potomac and Cacapon River Basins. There are no point discharges permitted under the National Pollutant Discharge Elimination System (NPDES) or other regulated waste releases in the Williams River Basin (WVDEP, 2001, GIS coverage).
In the South Branch Basin there are 73 NPDES discharges permitted by West Virginia Department of Environmental Protection (WVDEP, 2001 , GIS coverage). These permits are for industrial storm-water runoff, general sewage, aquaculture facilities, landfill leachate, and various other effluent types. The largest facilities are the wastewater-treatment plants for the towns of Moorefield, Romney, Franklin, and Petersburg, and the Cherry Grove U.S. Naval Station.
The West Virginia Department of Environmental Protection has granted NPDES permits to 24 discharges in the Cacapon River drainage for general sewage, industrial storm water runoff, sanitary landfill leachate, and various other discharges. The largest permitted discharges are wastewatertreatment plants for the towns of Wardensville and Capon Bridge, and East 5 6 Hardy High School (WVDEP, 2001, GIS coverage) .
In the South Branch Potomac, Cacapon, and Williams River Basins, a large but unquantified portion of residential sewage is either treated by septic tank/leach field systems or discharged directly to surface waters without treatment. The "straight-pipe" untreated discharges are a problem throughout West Virginia (WVDEP, 2006) .
The South Branch Potomac River Basin is the only study basin with a significant amount of industry. This includes a polymer-compounding plant in Petersburg and poultry-feed mill, poultry-processing plant and cabinetry factory in Moorefield. Compounds emitted by these facilities, according to the 2002 USEPA toxic release inventory, include organic compounds such as xylene, toluene, methanol, and ethylbenzene, and inorganic compounds such as nitrates, lead, copper, and manganese compounds (U.S. Environmental Protection Agency Toxic Release Inventory, 2004).
Methods
A broad program of sampling, designed to account for several potential sources of emerging contaminants, including endocrine disrupting compounds, was initiated in late April 2004. Water quality was assessed through the use of passive samplers, the collection of water samples from streams and waste-water discharges, and the collection of smallmouth bass blood plasma (table 1) .
Passive Samplers
Passive-sampling technology typically uses an encased media that can accumulate and sequester compounds of interest over a period of time (Alvarez and others, 2004) . Passive-sampling approaches offer several advantages; chief among these are the ability to integrate exposure over time and a range of hydrologic conditions, and the ability to accumulate a detectable mass of a compound that may be present in a water sample at concentrations below the method detection level (Alvarez and others, 2005) . Several passive-sampling methods have been tested and used in aquatic environments; HPLCgrade hexane contained in dialysis tubing for accumulating hydrophobic organic compounds, lipids encased in plastic tubing for hydrophobic organic compounds, and waxes that exude from tubing to sorb metals and other inorganic constituents. This study used semipermeable membrane devices (SPMDs) to accumulate hydrophobic organic compounds (Huckins and others, 2002) and polar organic compound integrative samplers (POCIS) (Alvarez and others, 2004) to accumulate hydrophilic organic compounds.
SPMD
SPMDs consist of a small volume of neutral synthetic lipid encased in polyethylene tubing (Huckins and others, 2002) . The SPMDs are designed to maximize the surface area to volume ratio, thereby maximizing the uptake efficiency of the device. The SPMDs used in this study were made by Environmental Sampling Technologies, Inc. of St. Joseph, MO 1 and were 91.4 cm by 2.5 cm lay-flat polyethylene tubing made without additives and filled with ultra-high purity synthetic triolein, a high molecular weight neutral lipid. Dissolved phase hydrophobic organic compounds sorb to the surface of the SPMD. A fraction of the sorbed material will move through channels in the polyethylene membrane to the internal triolein phase, the remainder of the sorbed material will remain sorbed to the exterior of the membrane or be held in the transient channels through the membrane. 
POCIS
POCIS sequester polar organic compounds in a solid phase media encased in a porous membrane (Alvarez and others, 2004) . The POCIS consist of a mixed solid sequestration phase sealed in a hydrophilic microporous membrane. Water penetrates the encasing membrane and infiltrates the sequestration polymers, which sorb and immobilize water-soluble compounds throughout the exposure time. The POCIS devices used in this study were also manufactured by Environmental Sampling Technologies, Inc.
Passive-Sampler Deployment
Passive samplers were deployed at a total of eight sites, six stream sites in the South Branch Potomac River Basin, one site in the Cacapon River Basin, and one site in the Williams River Basin (table 1 and fig. 2 ). At each site three SPMDs and three POCIS were deployed in perforated stainless steel protective canisters. Care was taken to place the canisters where they would likely remain submerged for the duration of the deployment and in flowing water, avoiding backwater areas that may not be representative of main channel flow and water quality. Samplers were deployed at the South Branch Potomac Because SPMDs can efficiently accumulate airborne contaminants, a tripblank SPMD was used at each site. An individually packed trip-blank SPMD was removed from its sealed container and exposed to ambient air for the time interval during initial deployment when the sample SPMDs were exposed to the air, from removal from their sealed container to immersion in stream water. The trip-blank SPMDs were returned their sealed containers and kept until retrieval of the passive samplers, at which time the trip-blank SPMDs were again exposed to ambient air, from the time the sample SPMDs were removed from the water until they were returned to their sealed containers. Two polybrominated diphenyl ethers, 2,2',4,4'-tetra-bromo-diphenyl ether (BDE 47) and 2,2',4,4',5-penta-bromo-diphenyl ether (BDE 99), were found in trip blanks SPMD from three sites; South Branch Potomac River near Springfield (3.9 ng/g SPMD BDE 47 and 4.87 ng/g SPMD BDE 99), at Sycamore (6.24 ng/g SPMD BDE 47 and 6.26 ng/g SPMD BDE 99), and near Upper Tract (4.9 ng/g SPMD BDE 47 and 5.1 ng/g SPMD BDE 99).
Stream-Water and Effluent Sampling
Stream-water and effluent samples were collected at selected sites in the South Branch of the Potomac River and Cacapon River Basins; samples from four sites were analyzed for antibiotics and eight sites were sampled for arsenic species (table 1 and fig.  2 ). Stream-water samples were collected by West Virginia Department of Environmental Protection (WVDEP) personnel from five equidistant points across a stream using a weighted-bottle sampler. WVDEP personnel received effluent discharge as composited samples from the plant operator. Samples collected for analysis of roxarsone and other arsenic species were filtered at 0.45 µm, and 100 µL of EDTA solution was added to preserve ambient valence states of all arsenic species (Garbarino and others, 2000) . Unfiltered samples were collected in 1-L amber glass bottles, chilled to 4° C, and shipped to the USGS Organic Geochemistry Research Laboratory in Lawrence, Kansas for analysis of antibiotics.
Blood-Plasma Collection
Smallmouth bass were collected by electrofishing using USGS Biomonitoring of Environmental Status and Trends (BEST) protocols (Schmitt and others, 1999) at 5 sites in the South Branch Potomac and one site at the Williams River at Dyer (table 1 and fig.  2 ). Captured smallmouth bass were weighed, measured, and sacrificed. Blood was collected from the caudal artery using a 5-mL syringe. Withdrawn blood was transferred to 5-mL heparinized vacutainers and centrifuged for 10 min. at 1,000 x g (where the constant g is the acceleration due to gravity). Supernatant plasma was transferred to microcentrifuge tubes and stored at -70°C until analysis. A subset of samples, blood plasma from 30 individuals from six sites, was selected for analysis based on fish gender and degree of intersex condition.
Analytical Methods
Passive-Sampler Extracts
Extracts for SPMD and POCIS devices are prepared using different techniques. SPMD were extracted through dialysis of the entire SPMD into pesticidegrade hexane. Hydrophobic compounds preferentially partition into the dialysis solvent, the dialysis solvent now containing the hydrophobic compounds is the SPMD extract. POCIS extracts were prepared by eluting hydrophilic compounds from the POCIS sequestration medium with HPLCgrade methanol. Following dialysis or elution, the SPMD and POCIS extracts were concentrated, in their original containers under a gentle stream of filtered nitrogen at ambient temperature, to approximately 0.250 mL. After the extracts were concentrated, they were transferred to 1.8 ml gaschromatographic (GC) amber vials with Teflon lined screw caps, each containing a 400 microliter (µL) insert. The volume of the extract was adjusted with hexane to 400 µL. Internal standards and injection internal standards were added to the extracts just prior to gas chromatographic and mass spectral (GC/MS) analysis.
The extracts were analyzed by capillary GC/MS under electron ionization and electron-capture negative ionization. Table 2 lists the compounds that were analyzed for in the passive-sampler extracts. The conditions for the gas chromatographic and mass spectral analysis are described below.
Capillary gas chromatographic analysis:
Chromatographic separations for all mass spectral analysis were made on an RTX-5MS 30 M X 0.25 mm ID, 0.25 µm df fused silica capillary column. The injection port temperature was held at 285°C. The oven temperature program was as follows; the oven was held at 50°C for 5 min, the oven temperature was raised to 125°C at 10°C/min then raised to 200°C at 1.5°C/min, then raised up to 325°C at 8°C/min, and held at this temperature for 30 min. The transfer line temperature was held at 285°C. A 1-µL splitless injection of the concentrated extract was injected into the GC/MS for analysis. Ultrapure helium was the carrier gas. The carrier gas was filtered through moisture traps and traps for hydrocarbons and oxygen prior to entering the gas chromatograph. Mass spectral analysis:. For all mass spectrometric analysis the instrument was repetitively scanned from 50 to 600 Daltons at a rate of 2.69 scans per second. The electron-multiplier was set at 2,000 volts. Application and specific conditions for each ionization mode are described below. First ionization: Electron-capture negative ionization (ECNI) mass spectrometry mode was used to measure pesticides, PCBs, polybrominated diphenyl ethers, and halogenated organic compounds in general in the extracts. The source temperature was held at 160 o C. The modifying gas was methane. The source pressure was 2 X 10 -4
Torr. Second ionization: Electron ionization mass spectrometry is the conventional method for analyzing extracts via mass spectrometry. The source temperature was held at 200 o C. The source pressure was 4X 10 -5 Torr. Compound identification: Identifications of the compounds detected in the extracts were classified as target or non-target (unknown). Target compounds were identified by comparing the mass spectra retention times for the sample extracts with the same properties from authentic standards, which are used to generate the standard curve for quantization. Unknown compounds were identified by comparing the mass spectrum of the compound detected with a library of mass spectra, and if necessary, tentative identification was based on classical mass spectral interpretation. Quantitation: Quantization of the target compound was conducted using a 6-point calibration curve derived using linear regression, and authentic standards. Because authentic standards for the unknown compounds were not available, the quantization of an unknown compound is an estimate that is based on the response of the internal injection standard that is used for the quantitation of the target compounds. The quantization of the unknown compounds is a semi-quantitative/estimated value. Although the reported concentration of the unknown compounds is an estimated value, the data may still be used to establish associations with toxicity tests.
Blood Plasma
Blood-plasma samples were extracted by solvent exchange, concentrated, and then analyzed for the compounds listed in table 3 following procedures described in the preceding section, "Passive-Sampler Extracts."
Antibiotics
Concentrations of antibiotics in water samples and POCIS extracts were determined by the USGS Organic Geochemistry Research Laboratory in Lawrence, Kansas. A total of 39 antibiotics in five antibiotic classes were analyzed for in both water samples and POCIS extracts (table 4). Samples were analyzed using online solid-phase extraction and Agilent 1100 Series liquid chromatography/mass spectrometers equipped with diode array detectors (Brown and others, 1999; Lindsey and others, 2001 ).
Roxarsone and Other Arsenic Species
Water concentrations of roxarsone, arsenate, arsenite, monomethyl arsonate, and dimethyl arsinate were determined by the USGS National Water Quality Laboratory (NWQL) in Lakewood Colorado, according to Garbarino and others (2002) . Samples were filtered and preserved with EDTA, and then analyzed using inductively coupled plasma-mass spectrophotometry.
Results
The results of passive-sampler extract analysis, smallmouth bass blood-plasma analysis, stream-water analysis, and effluent analysis are presented in tables 5, 6, 7, and 8. Additionally, tables 2, 3, and 4 list all compounds except inorganic arsenic and organoarsenic compounds that were analyzed for in the various sample media, though not all compounds were detected. Compounds that were not detected in any environmental sample were omitted from the results tables.
Passive-Sampler Results
Both SPMDs and POCIS were deployed at six sites in the South Branch Potomac River Basin and one site each in the Cacapon River and Williams River Basins (table 1 and fig. 2 ). Table 2 lists 59 compounds analyzed for in the passivesampler extracts; results of the analyses are shown in table 5. Four compounds were found at all sites; hexachloro-benzene (HCB), a fungicide banned from use in the United States; pentachloroanisole (PCA), a degradation product of other industrial phenols; 2,2',4,4'-tetra-bromo-diphenyl ether (BDE 47), a flame retardant; and 2,2',4,4',5-penta-bromo-diphenyl ether (BDE 99), another flame retardant. Only these four compounds were detected in passive samplers deployed at Williams River at Dyer, the outof-basin reference site and the site with the fewest detected compounds. Other compounds detected in passive-sampler extracts are trifluralin, a dinitroanaline herbicide; gamma hexa-chloro-hexane (γHCH), a pesticide; chlorpyrifos, an organophosphate pesticide; trans-and cis-chlordane, organo-chlorine pesticides; trans-and cisnonachlor, also organo-chlorine pesticides; and the flame retardant 2,2',4,4',6-pentabromo-diphenyl ether (BDE 100). Of the compounds detected the polybrominated diphenyl ethers (Meerts and others, 2001 , Lilienthal and others 2006 ), trifluralin (Fox, 2004 , HCB (Ralph and others, 2003) , γHCH (Kojima and others, 2004) , chlorpyrifos (Kojima and others, 2004) cis-nonaclor (Fox, 2004) , and cis-and trans-chlordane (Kojima and others, 2004) are either known or 
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suspected endocrine disruptors. The greatest number of compounds detected came from passive samplers deployed in the South Branch Potomac River at Petersburg Gap, with 12 compounds detected. POCIS extracts were also analyzed for the antibiotics listed in table 4. However, no detectable concentration of any antibiotic was identified in any POCIS extract. This finding was contrary to expectations, as samplers were deployed during spring flows when run-off events are common and following land application of poultry-house litter.
Blood-Plasma Results
A total of 30 smallmouth bass bloodplasma samples were collected from six sites (table 1 and fig. 2 ) and analyzed for the analytes shown in table 3. Ten of the analytes were present in detectable concentrations. Plasma samples were selected from both male and female mature fish without intersex characteristics and from male fish with intersex characteristics to represent the range of intersex conditions found at that site. Results of the analyses are shown in table 6. One compound, diethyl-hexyl phthalate, was found in every plasma sample analyzed. Diethyl-hexyl phthalate and diethyl phthalate were also detected in the reagent blanks. Reagent blank concentrations of diethyl-hexyl phthalate were well below concentrations found in plasma samples. However, reagent blank concentrations of diethyl phthalate (62 mg/kg) approached those found in several plasma samples, therefore concentrations of diethyl phthalate in plasma maybe an artifact of reagent contamination. In addition to diethyl-hexyl phthalate and diethyl phthalate, the following compounds were detected in at least one plasma sample: phenol, an industrial compound with many applications; dlimonene, used as a solvent and also as a fragrance; acetophenone, used as a fragrance, a flavoring, and an industrial solvent; napthalene and 2-methyl-napthalene, used in polyvinyl chloride production and in both moth balls and toilet deodorizer blocks; 4-tert-octyl-phenol, used as an industrial surfactant, plasticizer and in the synthesis of many end products; and the polybrominated diphenyl ether flame retardants 2,2',4,4'-tetrabromo-diphenyl ether (BDE 47) and 2,2',4,4',5-penta-bromo-diphenyl ether (BDE 99). Analysis of plasma samples from the Williams River reference site detected fewer compounds and those compounds were at lower concentrations than in the South Branch Potomac River, with the exception of phenol, which was found only in a plasma sample from the Williams River. The polybrominated diphenyl ethers, known endocrine disruptors, were found at all sites except the reference site. Diethyl-hexyl phthalate, a known endocrine disruptor, was found in every plasma sample. Patterns in diethyl phthalate, another known endocrine disruptor, are harder to discern due to possible reagent blank contamination.
Water-Sample Results
Water samples collected at the sites listed in table 1 and shown in fig. 2 were analyzed for concentrations of roxarsone and other arsenic species and antibiotics. The results of the analysis of seven samples of stream water and one effluent sample are shown in table 7. Arsenate, found in samples from six streams in the South Branch Potomac and Cacapon River Basins, in concentrations ranging from 0.3 µg/L to 1 µg/L, was the only arsenic species detected. Arsenic concentrations in stream water samples from the South Branch Potomac River and Cacapon River Basins previously collected and analyzed by the USGS are typically low, with concentrations in dissolved-fraction samples ranging from 2 µg/L to below detection in most samples. It was not possible to determine the source of the arsenate in the samples, whether from natural sources, coal combustion, or photodegradation of roxarsone. (Dietze and others, 2005) ; in this study both ofloxacin and anhydro-erythromycin were detected in the Spring Run hatchery discharge. The Petersburg sewage-treatment plant (STP) effluent sample contained detectable concentrations of seven antibiotics and one antibiotic degradate and the Moorefield STP had detections of six antibiotics and one antibiotic degradate. Concentrations of all antibiotics detected in the municipal STP effluents were above the median values in Glassmeyer and others (2005) , except for ciprofloxacin, which was below the reporting level in the Moorefield STP effluent sample.
Summary
Passive water sampling devices used at eight stream sites detected the presence of emerging contaminants, including pesticide, flame-retardant, and personal-care product residues in water. No antibiotics or antibiotic-degradation products were found in passive sampler extracts from any site. Several of the compounds detected in passive sampler extracts are known or suspected as endocrine disrupting compounds (EDCs). These same compounds were also identified in blood plasma collected from smallmouth bass, including fish with intersex characteristics. Of the various arsenic species analyzed for, only arsenate was found in detectable concentrations. Antibiotics were found in the various wastewater effluents sampled, with municipal effluent having seven to eight compounds, whereas the fishhatchery and the poultry-processing plant effluents were found to have detections of two and one antibiotics, respectively. This study found that some EDCs are nearly ubiquitous in the environment, also being present at sites where fish are not exhibiting intersex conditions. Other investigations have shown that some EDCs, including some found in both passive samplers and smallmouth bass blood plasma, act additively or synergistically, where mixtures of several compounds have a greater effect than a single compound (Rajapakse and others, 2002; Payne and others, 2000) . Studies are currently (2006) under way to further define the occurrence of EDCs in the South Branch of the Potomac basin and to determine the potential for environmental mixtures of these compounds to interfere with normal endocrine function. 
